Targeted disruption of Hspa4 gene leads to cardiac hypertrophy and fibrosis.
Failure of molecular chaperones to direct the correct folding of newly synthesized proteins leads to the accumulation of misfolded proteins in cells. HSPA4 is a member of the heat shock protein 110 family (HSP110) that acts as a nucleotide exchange factor of HSP70 chaperones. We found that the expression of HSPA4 is upregulated in murine hearts subjected to pressure overload and in failing human hearts. To investigate the cardiac function of HSPA4, Hspa4 knockout (KO) mice were generated and exhibited cardiac hypertrophy and fibrosis. Hspa4 KO hearts were characterized by a significant increase in heart weight/body weight ratio, elevated expression of hypertrophic and fibrotic gene markers, and concentric hypertrophy with preserved contractile function. In response to pressure overload, cardiac hypertrophy and remodeling were further aggravated in the Hspa4 KO compared to wild type (WT) mice. Cardiac hypertrophy in Hspa4 KO hearts was associated with enhanced activation of gp130-STAT3, CaMKII, and calcineurin-NFAT signaling. Protein blot and immunofluorescent analyses showed a significant accumulation of polyubiquitinated proteins in cardiac cells of Hspa4 KO mice. These results suggest that the myocardial remodeling of Hspa4 KO mice is due to accumulation of misfolded proteins resulting from impaired chaperone activity. Further analyses revealed a significant increase in cross sectional area of cardiomyocytes, and in expression levels of hypertrophic markers in cultured neonatal Hspa4 KO cardiomyocytes suggesting that the hypertrophy of mutant mice was a result of primary defects in cardiomyocytes. Gene expression profile in hearts of 3.5-week-old mice revealed a differentially expressed gene sets related to ion channels, muscle-specific contractile proteins and stress response. Taken together, our in vivo data demonstrate that Hspa4 gene ablation results in cardiac hypertrophy and fibrosis, possibly, through its role in protein quality control mechanism.